Introduction
The term psychosis is often used rather broadly to encompass a group of symptoms, none of which is specific to any disorder as such, and which can manifest in anyone given certain stimuli, such as exposure to dopaminergic agonists. Schizophrenia is a psychiatric disorder characterised by psychotic symptoms: pragmatically, albeit over-simplistically, these symptoms can be divided into "positive" (delusions and hallucinations) and "negative" (apathetic withdrawal, reduced range of emotions, diminished thought content -i.e. having a paucity of thoughts, demonstrated by lack of spontaneous speech and tendency to short unembellished conversation). It is the latter that is arguably the core of the schizophrenia syndrome, with positive symptoms being what may be considered "secondary". Cognitive deficits are also considered part of the core syndrome and, along with negative symptoms, drive most of the disability associated with the condition [1] .
There is little doubt that ingestion of the plant Cannabis sativa can cause positive psychotic-like symptoms. An early study by Ames [2] using the plant product showed a fairly uniform response in human volunteers, with features including depersonalisation/derealisation, a prolonged sense of the passage of time, transient paranoid ideation and hallucinations. Of course, Cannabis sativa has multiple chemical constituents, but delta-9-tetrahydrocannabinol (THC) confers the psychotomimetic properties, acting via cannabinoid CB1 receptors, which are ubiquitously distributed in the brain [3] . Intriguingly, another constituent of the plant, cannabidiol seems to have antipsychotic effects [4] . Isbel et al. [5] used synthetic THC and found a dose-response relationship with psychotic symptoms in most subjects, although some had an idiosyncratically profound response to even a modest dose. More modern studies using more sophisticated techniques support these conclusions [6] , whilst elegant work from Huestis et al. [7] has shown that the psychotomimetic effects of THC are mediated by the cannabinoid CB1 receptor and that antagonism of the receptor blocks these effects.
Cannabis susceptibility to psychosis
These findings suggest that some individuals are simply more prone to the psychotomimetic properties of cannabis. Verdoux and colleagues [8] confirmed this in a non-clinical sample, with the individuals' degree of "psychosis proneness" correlating with intensity of psychosis-like symptoms upon exposure to cannabis in a daily-life situation. Extrapolating from this, it would seem obvious that people with schizophrenia are very "psychosis prone" and they would be expected to manifest positive symptoms of psychosis (delusions, hallucinations) at even low doses, similar to someone with diabetes eating sugar and becoming hyperglycaemic. An association between cannabis consumption and worse psychotic symptoms and an overall more severe illness course has been pretty consistently shown in the schizophrenia literature, be it in chronic [9] or firstepisode [10] patients (see review by Linszen et al. [11] ); however, confounding and other methodological problems do bedevil this literature [12] . Also, a distinction needs to be drawn between acute effects (i.e. precipitation of an acute episode of illness) and longer-term, more insidious detrimental effects: obviously the former are easier to demarcate in terms of temporal sequence of cannabis exposure and symptom exacerbation.
Cannabis and negative symptoms
Another problem is that the literature has largely focussed on positive rather than negative or cognitive symptoms. It is clear that cannabis and related compounds can cause acute transient impairments in memory, attention, and executive function [13] . But whether exposure to cannabinoids is associated with persistent cognitive deficits is not as clear, more controversial and difficult to study [14] . In terms of negative-like symptoms, an "amotivational syndrome" has been described in chronic, heavy cannabis users. The syndrome resembles the negative symptoms of schizophrenia and is characterized by apathy, amotivation, social withdrawal, narrowing of interests, lethargy, impaired memory, impaired concentration, disturbed judgment, and impaired occupational achievement. However, polydrug use, poverty, low socio-economic status, or pre-existing psychiatric disorders confound interpretation of these studies and other investigators have argued that the syndrome does not exist [15] .
What has been consistently found is that people with schizophrenia use more cannabis than the general population. For example, in the recent Australian Study of High Impact Psychoses [16] , people with schizophrenia had a lifetime rate of cannabis exposure of 97%, and lastyear rates of 49% [17] . This begs the question as to why people with schizophrenia should use an agent that worsens their illness course and makes their positive symptoms worse. One way of looking at this is to consider that people with schizophrenia have an excess of negative emotions and that these symptoms drive cannabis use in much the same way as those that drive its use in people without schizophrenia [18] . So, the self-medication hypothesis may be true, but self-medication is for negative rather than positive symptoms [19] . This conclusion is, in part at least, supported by a study of 42 patients with psychosis and 38 controls, using experience sampling methodology: both groups experienced increases in positive emotions on exposure to cannabis and, in patients, there was also a reduction in negative emotions [20] .
Hence, the message must be that anyone highly prone to psychosis should avoid cannabis: the tough part is helping people with negative emotions to find alternative ways of ameliorating those symptoms. Indeed, the effective management of people with schizophrenia and cannabis use remains suboptimal and requires much more research [21, 22] .
Can cannabis cause schizophrenia?
A rather more contentious issue is whether cannabis can actually cause schizophrenia. This, of course, is very difficult to determine definitively, and the best study design is the longitudinal cohort. Cohort studies have the great advantage of determining temporal sequence of putative cause and putative effect: any causal model of cannabis for schizophrenia would necessarily require the cannabis exposure to antedate the illness, as symptoms of the illness can drive cannabis consumption, as detailed above. A problem, though, even for the cohort design, is that non-specific symptoms characterised by negative emotions (see above) and sub-threshold positive symptoms can occur in the prodromal phase heralding the first definitive psychotic episode [23] , and might lead to cannabis consumption (discussed by Kuepper et al. [24] ). But this aside, a number of cohort studies from different parts of the world have converged in finding an association between cannabis consumption in youth and later schizophrenia/schizophreniform disorder. The first of these was a study of 50,087 Swedish conscripts [25] , which showed an adjusted hazard ratio for schizophrenia of 3.1 (CI 1.7, 5.5), with a dose-response relationship with increasing exposure to cannabis. The Dunedin birth cohort [26] is particularly instructive in that it assessed individuals from a representative birth cohort at a number of time points and had excellent participant retention. In that study, the risk of schizophreniform psychosis at age 26 was 10.3% in those who had used cannabis in their teens, as opposed to 3% in the rest of the cohort (adjusted odds ratio 2.9 [CI 1.2, 7.0]). Relevant to the cause-effect issue discussed above, it was those individuals who, at age 11, had experienced psychosis-like phenomena in association with cannabis use at age 18, who were most vulnerable to developing later schizophreniform psychosis (age 26).
Zammitt et al. [27] recently reviewed the published studies of cannabis and later schizophrenia/schizophreniform psychosis. Those authors concluded the following: "we believe there is a strong body of evidence from epidemiological studies that use of cannabis increases risk of psychotic disorder, supported by findings in other research fields" (pg 181). Thus, in a small group of people, cannabis can be the "straw that breaks the camel's back" and acts as a cumulative causal factor for schizophrenia. THC would thus act in concert with other risk factors in some "cases" of schizophrenia. Precisely what such other risk factors are is not clear, but more and more interest is being shown in gene-environment interaction effects in mental illnesses generally, and schizophrenia in particular. In the Dunedin cohort [26] there was an intriguing interaction effect, such that individuals homozygous for the valine allele at the position coding for Val158Met within the gene for catechol-o-methyl transferase (one of the determinants of dopamine metabolism) were more likely than those homozygous for the methionine allele to develop a later psychotic illness in association with cannabis exposure [28] . However, this has not been robustly replicated. Other genes of interest in this context include AKT1, but more work needs to be done in elucidating such effects [29] .
Conclusions
Applying the cumulative causal factor model, very few "cases" of schizophrenia (estimated population attributable fraction -PAF-around 8%) would actually be "prevented" with the global abolition of cannabis [30] . This low PAF is compatible with epidemiological findings that schizophrenia is a ubiquitous accompaniment of the human condition and rates do not vary very much between cultures and settings despite wide variations in cannabis use [31] . At an individual level, though, it would seem important to educate people at heightened risk of schizophrenia (e.g. through having a family history of the disorder, or having experienced psychosis-like symptoms) of the potential additive causal risk cannabis exposure might bestow. For a full discussion of the public health implications, the reader is referred to a recent chapter by Hall and Degenhardt [32] .
Abbreviations
THC, delta-9-tetrahydrocannabinol; PAF, population attributable fraction.
Disclosures
The author declares that he has no disclosures.
